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We have shown previously that human epidermal 
keratinocytes itt sitn and itt vitro constitutively express 
high levels of the 72-kD heat shock protein (hsp72) 
and that hsp72 expression in these cells can be further 
induced with heat treatment. In the present study, we 
continue our investigation of the ultraviolet (UV) B 
protective effect of hyperthermic treatment and ask 
whether hsp72 is a mediator of heat-shock-induced 
UVB resistance. The results of our experiments dem-
onstrate that heat treatment (42°C for 4 h) before 
UVB exposure is able to increase significantly the 
UVB resistance of the epidermal carcinoma cell line 
A431. Heat-induced UVB resistance was most pro-
nounced if the cells were exposed to UVB immedi-
ately after heat treatment. The protective effect was 
not detectable beyond a recovery period of 12 h. To 
investigate the role of hsp72 in hyperthermia-in-
duced UVB resistance, we inhibited the expression of 
H eat shock response is a highly conserved reaction · commo n to all cells and organisms (1 ,2). Exposure to elevated temperatures or other environmental stress leads to the synthesis of a £1mily of proteins (heat shock protems, hsp) that mediate a transient 
sta te of resistance to further stress challenge. The m ajority of studies 
have concentrated on the 70-kD family of hsp, which consists of at 
leas t five different genes coding for highly conserved " constitutive" 
and " inducible" proteins between 68 and 72 kD. Functionally, 
these proteins have b een designated molecular chaperones and 
have essential roles in protein biosynthesis and intracellular trans-
port (3) . 
In contrast to other normal human tissues , epidermal keratino-
cytes in 11ilro as well as in s itH constitutively express the inducible 
72-kD hsp (hsp72) [4] . T he epidennis as a barrier organ is exposed 
to multiple potentially harmful envirmunental stress fa ctors (e.g., 
ultraviolet (UV] light, heat , cold, m echanical alteration, microor-
ganisms, dru gs, and chemicals), and expression of hsp72 may be 
inherently involved in the protective function of nonnal hum an 
skin. It has been reported recently tl1at hyperthermic treatment 
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this protein using either a specific antisense oligode-
oxynucleotide or quercetin, a flavonoid that has been 
shown to down-regulate hsp expression. Treatment 
with the oligomer as well as with quercetin signifi-
cantly increased the susceptibility of A431 to UVB-
induced damage and nullified the protective effect of 
heat preconditioning. A noncomplementary control 
oligodeoxynucleotide had no significant effect. These 
results indicate that heat treatment is able to induce 
a state of increased resistance to the deleterious 
effects ofUVB in human keratinocytes i1t vitro. hsp72 
is a molecular mediator of this protective effect, and 
its constitutive expression in human epidermal kera-
tinocytes may be an important mechanism for the 
protection of human epidermis from UVB-induced 
damage. Key IVords: stress proteinslkeratinocytesla11tisense 
oligodeoxymtcleotidelqnercetiu. J ltwest Dermatol 105:160-
162, 1995 
leading to increased expression of hsp is able to induce resistance to 
UVB in murine keratinocytes in culture (5]. The following exper-
iments were performed to investigate whether hyperthem1ia is able 
to induce UVB resistance in a human epidermal cell line and 
w hether the expression of hsp72 is involved in the protection of 
keratinocytes from the deleterious effects of UVB. 
MATEIUALS AND MET HODS 
Synthesis of Oligodcoxynuclcotides Twenty-mer oligodeoxynucle-
otidcs were synthesized on a 1 0-J.LM sca le on an Appl.icd Biosystem s 380B 
synthesizer . The oligomers were purified by high-performance liqnid 
chro matography and ion exchange columns (NACS Prepac, BRL). The 
hsp72 antisense o ligodem:ynucleotide used for the experiments (anti-hsp) 
was complementary to a conserved sequence of the gene coding for human 
hsp72 [6), 310 nucleotides downstream from the mRNA cap site (5 '-
GTGGTGCGGTTGCCCTGGTC-3 ' ) . A noncomplem entary oligode-
mcynuclcotide (5'-CAGTCAGTCAGTCAGTCAGT-3') was used as a con-
trol. 
Cell Culture T he human epidermoid carcinoma cell line A431 (Ameri-
can Type C ulture Collection) was cultured in a humidifi ed air atmosphere 
w ith 5% C02 in complete medium (Dulbecco's m odified Eagle's medium 
supplemented wi th 5'% fetal bovine serum and glu tantine; Gibco). The fetal 
bovine serum was heat-inactivated at 65°C for 45 min to destroy nuclease 
activity . For inhibition ofhsp synthesis, the cells were incubated 24 h before 
uvn exposure or preparation of cell extracts in the presence of 20 /Lg/ml 
or 50 J.Lg/ml of either anti-hsp or the control oligomer, or with quercetin 
(1 00 J.LM, Sigma), a flavonoid that inhibits hsp expression. 
Heat Preconditioning and UVB Treatment For hyperthermal treat-
m ent, the ce lls were brought to 42°C by incubation for 4 h in a water bath, 
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Table I. Heat- Induced UVB Resistance Depends on. the 
Interval Between Heat Treatment and Exposure to UVB" 
Interval Between Heat 




No h eat trcabncn t 
Percent Survival 
10 mj /cm2 
60.9 :':: 3.6 
40.5 ± 2.0 
32.0 ± 1.6 
34.4 :':: 1 .0 
23.0 :':: 5. 1 
12.4 ± 1.6 
7.1 :':: 0.8 
5.3 :':: 2.2 
"Cells (A4 3 1) were hcat-trc"tcd (4 h. 42°C) and exposed to UVB "'the indicated 
times. Cc U via bility was determined 48 h after irradiation using a modifi ed tctra zol ium-
bascd colori_mctric assa y. The perce ntage ofsurvi vingcclls wa s calculated (mean :t SO. 
triplicate samp les). 
w hich was kept at 42°C in an incubator. In case of further incubation, the 
cells were placed back at 37"C. A bank of four Westinghouse FS20 
sunlamps, emitting mainly UVB (peak irradiance 3"13 nm) but also small 
amounts of UVA and UVC. was used as the source of UVB radiatiou . 
Energy output was measured before each experiment with a model lL-1700 
radiometer equ ipped with a UVI3 sensor (In ternational Light, Newbury-
port, MA). T he medium was r·epl;occd by clear phosphatc-bufrercd sa line 
during irradiation. Cell viabili ty after irradiation was measured by a 
modified tetrazolium-based colorimetric assay, according to the manuf.~c­
turer's instructions (EZ4U Nonradioactive Prol.i feration and Cytotoxicity 
Assay; Biomcdica, Vienna, Austria) [7]. T he percentage of surviving cells 
was calculated according to the formula: (OD."q of irradiated cclls/ 00.15., 
of sham-treated cells) X I 00. 
Immunoblotting W hole cell extracts were prepared by hypotonic lysis 
of ce ll layers in purified water and repeated cycles of freeze-thawing. 
Phenylmethylsul fony l fluoride at a fina l concentration of 1 mM was added 
to the cell extracts. C rude cell extracts were cleared by centrifugation 
(15,000 X g, 30 min , 4°C), and the protein content of the supernatants was 
determined according t.o the method of Lowry et a/ [81 . Samples were 
equa lized for the ir protein content and blotted onto n.itrocellulose sheets 
with a slot blot apparatus attached to a vacuum pump (Slot Blot Filtra tion 
Manifold, slot size 6 n1rn X 0.8 mm; Hoefer Scientific Instruments, San 
Fran cisco , CA). hsp72 was detected on the blots with a monoclonal 
antibody to hsp72 (R.PN1197; Amersham In ternationa l). The monoclonal 
antibody previously has been shown to give a single band at 72 kD on 
Western blot [4,9). Blots were further incubated with peroxidase-conju-
gated rabbit anti-mouse immunoglobulin antibody (Dakopatts, Copen ha-
gen, Denma rk), and bound antibodies were visualized by chemilumines-
cence (ECL, Amersham International). Membranes were exposed to x-ray 
film (Kodak, Xomat R) tor 5-10 seconds. T itration experiments were 
performed to dc t·ine the protein concentration of whole ceiJ extracts that 
allows optimal quantitation of hsp72 content by laser dens itometry (U I-
troscan XL; LI<J3 , Sweden) [4]. 
Statistics A t test for paired samples was used to test the significance of 
the results . 
RESULTS AND DISCUSSION 
Heat Treatment Before UVB Exposure Increases the Sur-
vival Rate of A431 When cells were incubated at 42°C fo r 4 h 
before exposure to 10 mj/cm 2 or 20 mj/cm2 UVB , a significant 
increase .in th e survival rate was observed compared with cells kept 
at 37°C before UV13 exposure (Table 1). T he protective effec t was 
most pro nounced immediatel y after heat treatment. After a 12-h 
interval of recovery, th e surviva l rate reach ed the contro l level 
regard less of whether the cells were exposed to 10 or 20 mj/cm 2 . 
T hus, heat-indu ced UVB resistance is a transient phenomenon, 
sin1ilar to w h at has been o bserved for the rmotole ratt ce [1 0,11 ] . 
Maytin et a/ [5,12] investigated thermotole rance as well as UVB 
tolerance in hum an and mouse keratinocytes and obta ined similar 
results, w ith a peak resistance at a recovery ti m e of 6 h after 1 h at 
42°C and reaching the control level between J 2 and 24 h. 
Inhibition. of hsp72 Expression by Antisense Oligode-
oxynucleotide (Anti-hsp) and Quercetin Whole cell extracts 
of A431 were ana lyzed for their content of hsp 72 on slot blots. 
Anti-hsp as well as quercetin was ab le to down-regulate constitu-
tive (A431 kept at 3 7°C) as well as heat-induced (A431 after 4 h at 
1 
2 
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Figure 1. An antisense oligodeoxynucleotide targeted against 
hsp72 as well as quercetin inhibits the constitutive and the heat-
induced expression ofhsp72 in A431 cells. A431 cell~ were incuba ted 
at 3 7°C and 42°C for 4 h, and whole cell extracts were blotted onto 
nitrocellulose sheets using a slot blot apparatus . Samples were equalized for 
their prote in content, and sct;al dilutions (5 J.Lg and 2.5 J.Lg, corresponding 
to rows ·J, 2) were blotted onto the membranes. La rr cs A, A431 cells were 
incubated at the indicated ten1pc ratu re v.!ithouc additio nal treat111cnc: Innes 
B, C, cells were treated with antisense oligonucleotide to hsp 72 at 20 J.Lg/ ml 
and 50 J.Lg/ ml , respectively; lmrcs D , E, ceLls were treated with a control 
oligomer at 20 J.Lg and SO J.Lg; lmres F. ceLls were incubated in the presence 
of quercetin (100 J.LM). 
42°C) h sp72 expression. Incubation with the control oligomer had 
no significa n t efFect on constitutive and hea t-induced hsp72 expres-
sion (Fig 1 , ln11cs D,E). Treatment with o ligomers and querce tin at 
the indicated concentrations h ad no influence on ·ell growth (data 
not sh own). For cells kept at 3 7°C, optimal quantitative results 
w ere obtain ed using 5 J-Lg of total cellular protein (Fig 1, ]7°C, rllll' 
1). Laser densitometry ind icated redu ction of hsp 72 expression to 
82'% and 61'% of control values by anti-hsp (20 J.Lg/ ml and 50 
J-Lgl ml, respectively) and to 37% of control values by quercetin (100 
J-LM). Because of induc tion ofhsp72 expression after heat treatmen t 
[4], optimal quantitative results for h eat-treated cells were o btained 
using 2.5 !Lg of total protein (Fig 1 , 4JOC, row 2). By laser 
densitometry, we found reduction of heat-induced hsp72 expres-
sion by anti-h sp to 51% and 20% of control va lues (20 !Lgl ml and 
50 J-Lgl ml, respectively) and to 26% of control by quercetin (1 00 
!LM). R.ecently, quercetin and antisen se oligonucleotides h ave been 
used to inves tigate the functional role of hsp 72 in intracellular 
calcium metabolism of rodent neuroblastoma X glioma hybrid cells 
[13]. Both treatments have proved uscfi.tl for down-regu lation of 
hsp synth esis. T he mechanism of action of the inhibition of hsp 
synthesis by quercetin has b een e luc ida ted recendy. Quercetin 
interacts with heat shock transcription factors, inhibiting the bind-
ing of heat shock f.1ctor to the specific DNA binding site and thus 
inhibiting th e transcriptional activation of h eat shock genes (1 4]. 
Accordin g to this mechanism, quercetin m ay be expected to inhibit 
the synthesis of all proteins under the transcriptional control of heat 
shock f.1ctor, i11 contrast to <mtise nse oli godeoJ~:ynuclcotides, which 
specifically inhibi t the synthesis of their target gene product, in our 
case hsp72. 
Inhibition of hsp72 Decreases UVB Resistance When cells 
w ere incubated in the presence of quercetin or anti-hsp. UVB 
resistance decreased (Table II). Both treatments had a significant 
effect o n cell s th at were not heat-preconditioned. Survival after 
exposure to 10 mj/cm 2 was red uced from 33.8% :':: 5.8% (control) 
to 24.0'% :!:: 5.3% (anti-hsp, p = 0.0032) and 18.8% ::':: 5.9'% 
(quercetin, p = 0.0029). W h en the cells were heat- treated befot·e 
UVB exposure, survival was increased to 50.5% ::':: 8.4%. Anti-hsp 
and quercetin treatment resulted in decreased VVB resistance 
(37.3 %, ::':: 9.4% and 27.8% ::':: 7.1 %; p = 0.03 and p = 0.02, 
respectively). T h e control o ligomer had no signifi cant effect (Table 
II) . T he efFect of quercetin on hsp-mediated cellular responses 
seems to be specific and was able to inhibit hsp synthesis and 
thennotolera nce in a colon car c inoma cell line )15]. Howe ver. 
quercetin may act not only on the expression of heat shock proteins 
but a]so on other molecules [16,17] . The inhibitory effect of 
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Table II. Increased Susceptibility to UVB Damage Is 
Induced by Antisense Oligodeoxynucleotide Targeted 
Against hsp72 and Quercetin" 
hsp72 Control 
Treat111cnt Control Antisense DNA DNA Quercetin 
37°C 33 .8 :': 5.8 24.0 :': 5.3 31.5 :': 6.4 18.8 :': 5.9 
p = 0.0032" NS p = 0.00291' 
42°C 50.5 :': 8 .4 37.3 :': 9.4 48.0 :': 6.1 27. 8 :': 7.1 
p = 0.031' NS p = 0.021' 
"Cells (A431) were exposed to h sp72 antisense DNA (20 J.Lg/ml). to a control 
o ligomer (20 J.Lg/ml), or to quercetin (50 J.LM) before heat and/or UVB exposure . 
Viability was dctcrm_incd using a n1odifie d tctrazolium-bascd colo rimetric assay. 
Values represent the pcrccnt;lgc of surviving cells 24 h after cxposu_rc to 10 mj /cm2 
UVB (mean :±: SEM of four independent experiments). 
1
' o m pa.rcd w ith th e cou trol survival 1·atcj paired l test. NS, not sig nifi cant. 
anti-hsp indicates that hsp72 is at least partly responsible for 
hyperthennia-induced UVB resistance. 
We conclude that hsp72 is a mediator of hyperthennia-induced 
UVB resistance in a human keratinocyte cell line. These cells have 
been previously demonstrated to express high levels of hsp72 
constitutively. If hsp72 expression is selectively down-modulated 
by antiseuse oligodeoxynucleotides, a decrease in UVB resistance is 
observed. Similarly, heat-induced UVB resistance can be abrogated 
upon hsp72 down-regulation. We have reported previously that 
hsp72 is expressed not only in cell lines from epidermal tumors, but 
also in normal human keratinocytes and in hum an epidermis iu situ 
[4). According to the i11 IJilro results described here, we conclude 
that the expression of hsp72 in human epidermis i11 situ may be an 
important m echanism for the protection of keratinocytes from 
UVB-induced damage. Modulation of the expression of hsp72 in 
epidermal keratinocytes may influence tbeir response to UV light 
fro m naturaJ or artificial sources. 
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